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Height from Stride — Linear Regression

DNA and Fingerprint Evidence — Probability & Statistics

Blood Spatters — Geometry & Trigonometry

Time Since Death — Exponential Regression and
Numerical Approximation
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- GPS — Geometry and Systems of Equations
Accident Reconstruction— Equation Solving



Other Related Topics of Interest

Identification of Physical Characteristics from Skeletal
Evidence — Logic and Statistics

Forensic Decision Making — Analytical Hierarchical
Ranking Process and Matrix Multiplication

Searching for a Serial Killers Home Base — Ranking,
Probability, & Decision Making




Organizing an In Class
Forensic Investigation

* Teams are best
1. Ildeal size 3-4 students
2. Have a planning session at the “crime scene” to determine what

evidence should be collected to take back to the “lab”.
3. Instructor is strictly a “guide”, let students decide how to proceed.

* Allow all ideas to flow
1. Do not let the mathematics dictate the method of analysis.

2. Be open to different approaches.

3. Remember, when you don’t know what to do, you know what to do.
a. ldentify variables
b. Identify relationships

c. Graph
4. Do not be adverse to empirical methods, i.e. line of site as first

attempt at a linear regression.
5. Gently suggest improvements or alternatives.

« Make sure concepts are understood by student investigators
1. Stress the mathematical idea behind the analytical method
2. Explain why the method makes sense within the particular context
3. Try out the method with a simple example that involves the

application of the concept.

. Involve the use of the CAS.



What is the Role of the CAS?
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It is a bridge

Mathematical Problem

Understanding Solution

Mathematical Understanding must be the shibboleth for crossing the bridge.
Otherwise, we have an exercise in “button pushing.”
CAS is a tool, not the solution.



Some Examples of Solving Forensic Problems

Estimating Height From Stride Length

151.5, 153.5]

Step := [62.6, 62.1, 62.6, 63.4, 62.2, 61.9, 60.9, B2.3, 62.8, 63.4]

5ize := [4, 5.5, 6.5, 7.5, 7.5, 5, 4.5, 6, &5, 6.5]
#d:  HS = [Step, Height]®

HS

APPROX(FIT([s, a-s + bl, H5)) = 2.162183544.5 + 15,21677215




Blood Spatters

spatter width =W
spatter length =1L

BLOOD DROP

MWALL

extension indicates direction
WIDTH

of travel

w LENGTH

L

sin(a) = V%

The Physics of the Formation of a Blood Spatter

Drawing a “blood spatter” in the CAS with o = 1 radian

F& Alpebra 1
#1: [3.0050t) + 5, SINCtED + 7]
wsi1y  SINCL)
- SIN(1) COS(1)
COS{1)  SIM(L)
#3: [3-0050t) + 5, SINCL) + 71-
- 5INC1) Q05010

#d- [1.620906917:5(t) - 0.8414709848-5IN(t) 3. 1BR7B5 364,

2.524412954.0050t) + 0.5403023058-5INCE) + 7. 985471065 ]
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Estimating Time Since Death — Constant Ambient Temperature

He Edt lreert Author Smplfy Sobve Calols Opdons Windaw  Help
D= &+ 2BRX (A0l =2 7S f%|lead J ETT &5 £

& Alpehra 1

= [@, 0.25, 0.5, 0.75, 1, 1.25, 1.5]
= [34, 33.84, 33.67. 33.56, 33.33, 33. 32]

= VECTORCtemp - 18.4, 1, 1, 7)
1

daff = [15.6, 15.44, 15.27, 15.16, 14.93, 14.6, 13.6]
A = [time, LHCHFF)]
LT47270914
736961544
725850119
718660380
703372611

LBBL0Z1528

1.5 2.610069792

APPROMCFIT([t, a_ + m.t], A)) = 2_761821081 - 0.07E00012914.t

- 0.078:t
+ 18.4

15.0017




Estimating Time Since Death — Variable Ambient Temperature

Fl Derive & - [Algobra 1] =11
[il: Cdit Insert Author Simplify Sobee Caloulus Options Wirdow |lelp - !EL}E‘J
DewEHseS dmMBx O0wE =& S8 % md J ZII <~k &
-y
#9: tim = [=h, 4%, =4, 3.5, =3, =45, =4, 1., =1, LS, 0, ULy, 01, 1.5] 1
#0: amb:=[22.2, 21.7, 21.1, 20.4, 20, 19.3, 19.2, 18.9, 18.9, 18.5, 18.5, 15.4, 18.4, 18.3]
K(t, tim, amb, i, n) :=
Frog
n = DTMENSTONCHim)
b T i
L rop
I £ = timgd
#11: RETURN amh 1
If £ = timiv 4 t = tim(7 + 1)
RETURN amb,1 + {ambi{7 + 13} — amby1)/{timi(71 + 1 — timy1)-{t = tImy1)
B [ o
HFfis>n-1
RETURN O
#12: K(—4.2)
#13: 21.34
#14: WECTOR(K(-5 + 0.2-1), 1, 0, 20)
#15: VA Ay A1Ey 21088, 2134, 213, A8 2054, 20 32, A6, 20, 19,42, 1944, 19,28, 1904, 192, 1908,
=
ippruxt&ii) j o XEE i
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An Approximate Graphical Solution to the 2D GPS Problem

2D-piot 1:1

Mransnitter 1

®ransmicter z

"rancmitter 3




An Analytic Solution to the 2D GPS Problem Using A System of Nonlinear Equations

I Derive 6 - [Algebra 1 Lost Child.dfw] =l
EIlE Ecit Irsert guchor Smpify Sove Calcuus  Options  window  Help L 15 ....}EJ
DE:Q% }LE&.‘I@X EEE-&-'[EEE] =x_.-l'"@l3u9 llmaIETI %x@

ﬁ:

The =speed of Tight an kmfusec
#1: c = 0299792458
The time stamp on the receiving unit
#2: t = [6.3IFFEFLS9L, 6,2991281%0, 7.047152602]

The three eguations to be solved to locate the position of the recetver. All positicns are given n kilometers

Z Z Z s

#3: (- 0.1) + Oy - 0.2) =¢ «{t -5

1
2 2 2 Z

£ ¢ + 0.3) 4+ Oy - 0.1) =« ot - &)

Z L

2 2 s z

#5: Go - 0.2) + O+ 0.2) =c ot - &)

3
Using the Derive 6.1 solve cotimand

2 2 2 2 2 2 2 2 2 z 2
#6: SOLWE| | fn - 01 + {y - 0.2 =« «(t -8y, (m+0.3) +(y-01) =¢c {t -8y, =-02) +(y+0.2y =¢ (t -
1 2 4
2
g | [3 ¥ =]

Hote that there are two possible =olutions to this set of eguations. This i a result that there could be two walues for & We
note that the secaond 15 the solution we Tound using the geometric method, Recall the position 15 given in kilometers, & 1n
p=ecands,

#7: (3 = 0, 007232271700 o w = —0, 18306259452 & & = 7,5592664945, » = —0, 09995959955 » v = 0, 0999999595995 A & = 2

Simp(#6] B nis




Conclusions

1. Many teenagers are interested in Forensics. Television fuels this interest.

2. Mathematics plays an important role in answering questions that arise in
Forensic Investigations.

3. The basic mathematical concepts are easily understood and accessible to
teenagers. Applying the techniques may be tedious and/or just beyond their
reach.

4. The CAS can bridge the gap and hopefully evoke a “How’d they do that?”
response within some students.

5. The CAS will never replace reasoning, but can definitely assist it.
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